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STYLUS WITH RESONANT CIRCUIT

TECHNICAL FIELD

This disclosure generally relates to touch-sensitive tech-
nology.

BACKGROUND

A touch sensor may detect the presence and location of a
touch or the proximity of an object (such as a user’s finger or
a stylus) within a touch-sensitive area of the touch sensor
overlaid on a display screen, for example. In a touch-sensi-
tive-display application, the touch sensor may enable a user to
interact directly with what 1s displayed on the screen, rather
than indirectly with a mouse or touch pad. A touch sensor may
be attached to or provided as part of a desktop computer,
laptop computer, tablet computer, personal digital assistant
(PDA), smartphone, satellite navigation device, portable
media player, portable game console, kiosk computer, point-
of-sale device, or other suitable device. A control panel on a
household or other appliance may include a touch sensor.

There are anumber of different types of touch sensors, such
as, Tor example, resistive touch screens, surface acoustic wave
touch screens, and capacitive touch screens. Herein, refer-
ence to a touch sensor may encompass a touch screen, and
vice versa, where appropriate. When an object touches or
comes within proximity of the surface of the capacitive touch
screen, a change in capacitance may occur within the touch
screen at the location of the touch or proximity. A touch-

sensor controller may process the change i capacitance to
determine 1ts position on the touch screen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1llustrates an example touch sensor with an example
touch-sensor controller.

FIG. 2 1llustrates an example stylus that may be used with
the touch sensor of FIG. 1.

FIG. 3 1llustrates the example stylus of FIG. 2 interacting
with an example touch-sensitive device.

FI1G. 4 illustrates an example method for transmitting sig-
nals between a stylus and a touch sensor of a device.

DESCRIPTION OF EXAMPLE EMBODIMENTS

FIG. 1 1illustrates an example touch sensor 100 with an
example touch-sensor controller 102. Touch sensor 100 and
touch-sensor controller 102 may detect the presence and loca-
tion of a touch or the proximity of an object within a touch-
sensitive area of touch sensor 100. Herein, reference to a
touch sensor may encompass both the touch sensor and its
touch-sensor controller, where appropriate. Similarly, refer-
ence to a touch-sensor controller may encompass both the
touch-sensor controller and 1ts touch sensor, where appropri-
ate. Touch sensor 100 may include one or more touch-sensi-
tive areas, where appropnate. Touch sensor 100 may include
an array ol drive and sense electrodes (or an array of elec-
trodes of a single type) disposed on one or more substrates,
which may be made of a dielectric material. Herein, reference
to a touch sensor may encompass both the electrodes of the
touch sensor and the substrate(s) that they are disposed on,
where appropriate. Alternatively, where approprate, refer-
ence to a touch sensor may encompass the electrodes of the
touch sensor, but not the substrate(s) that they are disposed
on.
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An electrode (whether a ground electrode, guard electrode,
drive electrode, or sense electrode) may be an area of con-
ductive material forming a shape, such as for example a disc,
square, rectangle, thin line, other suitable shape, or suitable
combination of these. One or more cuts in one or more layers
of conductive material may (at least 1n part) create the shape
of an electrode, and the area of the shape may (at least in part)
be bounded by those cuts. In particular embodiments, the
conductive material of an electrode may occupy approxi-
mately 100% of the area of its shape. As an example, an
clectrode may be made of indium tin oxide (ITO) and the ITO
of the electrode may occupy approximately 100% of the area
of its shape (sometimes referred to as a 100% f{ill), where
appropriate. In particular embodiments, the conductive mate-
rial of an electrode may occupy substantially less than 100%
of the area of its shape. As an example, an electrode may be
made of fine lines of metal or other conductive material
(FLM), such as for example copper, silver, or a copper- or
silver-based material, and the fine lines of conductive mate-
rial may occupy approximately 3% or less of the area of its
shape 1n a hatched, mesh, or other suitable pattern. Herein,
reference to FLM encompasses such material, where appro-
priate. Although this disclosure describes or 1llustrates par-
ticular electrodes made of particular conductive material
forming particular shapes with particular fill percentages hav-
ing particular patterns, this disclosure contemplates any suit-
able electrodes made of any suitable conductive material
forming any suitable shapes with any suitable fill percentages
having any suitable patterns.

Where appropnate, the shapes of the electrodes (or other
clements) of a touch sensor may constitute 1n whole or in part
one or more macro-features of the touch sensor. One or more
characteristics of the implementation of those shapes (such
as, for example, the conductive matenals, fills, or patterns
within the shapes) may constitute 1n whole or 1n part one or
more micro-features of the touch sensor. One or more macro-
features of a touch sensor may determine one or more char-
acteristics of 1ts functionality, and one or more micro-features
ol the touch sensor may determine one or more optical fea-
tures of the touch sensor, such as transmittance, refraction, or
reflection.

A mechanical stack may contain the substrate (or multiple
substrates) and the conductive material forming the drive or
sense electrodes of touch sensor 100. As an example, the
mechanical stack may include a first layer of optically clear
adhesive (OCA) beneath a cover panel. The cover panel may
be clear and made of a resilient material suitable for repeated

touching, such as for example glass, polycarbonate, or poly
(methyl methacrylate) (PMMA). This disclosure contem-
plates any suitable cover panel made of any suitable material.
The first layer of OCA may be disposed between the cover
panel and the substrate with the conductive material forming,
the drive or sense electrodes. The mechanical stack may also
include a second layer of OCA and a dielectric layer (which
may be made of PET or another suitable material, similar to
the substrate with the conductive material forming the drive
or sense electrodes). As an alternative, where appropriate, a
thin coating of a dielectric material may be applied instead of
the second layer of OCA and the dielectric layer. The second
layer of OCA may be disposed between the substrate with the
conductive material making up the drive or sense electrodes
and the dielectric layer, and the dielectric layer may be dis-
posed between the second layer of OCA and an air gap to a
display of a device including touch sensor 100 and touch-
sensor controller 102. As an example, the cover panel may
have a thickness of approximately 1 mm; the first layer of
OCA may have a thickness of approximately 0.05 mm; the
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substrate with the conductive material forming the drive or
sense electrodes may have a thickness of approximately 0.05
mm; the second layer of OCA may have a thickness of
approximately 0.05 mm; and the dielectric layer may have a
thickness of approximately 0.05 mm. Although this disclo-
sure describes a particular mechanical stack with a particular
number of particular layers made of particular materials and
having particular thicknesses, this disclosure contemplates
any suitable mechanical stack with any suitable number of
any suitable layers made of any suitable materials and having
any suitable thicknesses. As an example, in particular
embodiments, a layer of adhesive or dielectric may replace
the dielectric layer, second layer of OCA, and air gap
described above, with there being no air gap to the display.

One or more portions of the substrate of touch sensor 100
may be made of polyethylene terephthalate (PET) or another
suitable material. This disclosure contemplates any suitable
substrate with any suitable portions made of any suitable
matenal. In particular embodiments, the drive or sense elec-
trodes 1n touch sensor 100 may be made of ITO 1n whole or in
part. In particular embodiments, the drive or sense electrodes
in touch sensor 100 may be made of fine lines of metal or other
conductive material. As an example, one or more portions of
the conductive material may be copper or copper-based and
have a thickness of approximately 5 um or less and a width of
approximately 10 um or less. As another example, one or
more portions of the conductive material may be silver or
silver-based and similarly have a thickness of approximately
S um or less and a width of approximately 10 um or less. This
disclosure contemplates any suitable electrodes made of any
suitable material.

Touch sensor 100 may implement a capacitive form of
touch sensing. In a mutual-capacitance 1mplementation,
touch sensor 100 may include an array of drive and sense
clectrodes forming an array of capacitive nodes. A drive elec-
trode and a sense electrode may form a capacitive node. The
drive and sense electrodes forming the capacitive node may
come near each other, but not make electrical contact with
cach other. Instead, the drive and sense electrodes may be
capacitively coupled to each other across a space between
them. A pulsed or alternating voltage applied to the dnive
clectrode (by touch-sensor controller 102) may induce a
charge on the sense electrode, and the amount of charge
induced may be susceptible to external influence (such as a
touch or the proximity of an object). When an object touches
or comes within proximity of the capacitive node, a change 1n
capacitance may occur at the capacitive node and touch-
sensor controller 102 may measure the change in capacitance.
By measuring changes in capacitance throughout the array,
touch-sensor controller 102 may determine the position of the
touch or proximity within the touch-sensitive area(s) of touch
sensor 100.

In a self-capacitance implementation, touch sensor 100
may include an array of electrodes of a single type that may
cach form a capacitive node. When an object touches or
comes within proximity of the capacitive node, a change 1n
self-capacitance may occur at the capacitive node and con-
troller 102 may measure the change in capacitance, for
example, as a change 1n the amount of charge needed to raise
the voltage at the capacitive node by a predetermined amount.
As with a mutual-capacitance implementation, by measuring,
changes in capacitance throughout the array, controller 102
may determine the position of the touch or proximity within
the touch-sensitive area(s) of touch sensor 100. This disclo-
sure contemplates any suitable form of capacitive touch sens-
ing, where appropriate.
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In particular embodiments, one or more drive electrodes
may together form a drive line running horizontally or verti-
cally or 1n any suitable orientation. Similarly, one or more
sense electrodes may together form a sense line running hori-
zontally or vertically or 1n any suitable orientation. In particu-
lar embodiments, drive lines may run substantially perpen-
dicular to sense lines. Herein, reference to a drive line may
encompass one or more drive electrodes making up the drive
line, and vice versa, where appropriate. Similarly, reference
to a sense line may encompass one or more sense electrodes
making up the sense line, and vice versa, where appropriate.

Touch sensor 100 may have drive and sense electrodes
disposed 1n a pattern on one side of a single substrate. In such
a conflguration, a pair of drive and sense electrodes capaci-
tively coupled to each other across a space between them may
form a capacitive node. For a self-capacitance implementa-
tion, electrodes of only a single type may be disposed 1n a
pattern on a single substrate. In addition or as an alternative to
having drive and sense electrodes disposed 1n a pattern on one
side of a single substrate, touch sensor 100 may have drive
clectrodes disposed 1n a pattern on one side of a substrate and
sense electrodes disposed 1n a pattern on another side of the
substrate. Moreover, touch sensor 100 may have drive elec-
trodes disposed 1n a pattern on one side of one substrate and
sense electrodes disposed 1n a pattern on one side of another
substrate. In such configurations, an intersection of a drive
clectrode and a sense electrode may form a capacitive node.
Such an 1ntersection may be a location where the drive elec-
trode and the sense electrode “cross” or come nearest each
other in their respective planes. The drive and sense elec-
trodes do not make electrical contact with each other—in-
stead they are capacitively coupled to each other across a
dielectric at the intersection. Although this disclosure
describes particular configurations of particular electrodes
forming particular nodes, this disclosure contemplates any
suitable configuration of any suitable electrodes forming any
suitable nodes. Moreover, this disclosure contemplates any
suitable electrodes disposed on any suitable number of any
suitable substrates in any suitable patterns.

As described above, a change 1n capacitance at a capacitive
node of touch sensor 100 may indicate a touch or proximity
input at the position of the capacitive node. Touch-sensor
controller 102 may detect and process the change in capaci-
tance to determine the presence and location of the touch or
proximity input. Touch-sensor controller 102 may detect a
change in capacitance by detecting a change 1n voltage of the
capacitive node, 1n particular embodiments. Touch-sensor
controller 102 may detect a change 1n capacitance by holding
the voltage of a touch-sensitive node constant and measuring
one or more electrical currents resulting from the change 1n
capacitance of the node, 1n particular embodiments. While
this disclosure provides specific examples of ways a touch-
sensor controller may detect a change in capacitance of a
capacitive node, this disclosure contemplates any suitable
method used by a touch-sensor controller to detect achange in
capacitance of a capacitive node.

After detecting a change 1n capacitance, touch-sensor con-
troller 102 may then communicate information about the
touch or proximity input to one or more other components
(such one or more central processing units (CPUs)) of a
device that includes touch sensor 100 and touch-sensor con-
troller 102, which may respond to the touch or proximity
input by initiating a function of the device (or an application
running on the device). Although this disclosure describes a
particular touch-sensor controller having particular function-
ality with respect to a particular device and a particular touch
sensor, this disclosure contemplates any suitable touch-sen-
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sor controller having any suitable functionality with respect
to any suitable device and any suitable touch sensor.
Touch-sensor controller 102 may be one or more integrated
circuits (ICs), such as for example general-purpose micropro-
cessors, microcontrollers, programmable logic devices
(PLDs) or programmable logic arrays (PLAs), application-
specific ICs (ASICs). In particular embodiments, touch-sen-
sor controller 102 comprises analog circuitry, digital logic,
and digital non-volatile memory. In particular embodiments,
touch-sensor controller 102 1s disposed on a flexible printed
circuit (FPC) bonded to the substrate of touch sensor 100, as
described below. The FPC may be active or passive, where
appropriate. In particular embodiments multiple touch-sen-
sor controllers 102 are disposed on the FPC. Touch-sensor
controller 102 may include a processor unit, a drive unit, a
sense unit, and a storage unit. The drive unit may supply drive
signals to the drive electrodes of touch sensor 100. Drive
signals may take any suitable waveform or be of any suitable
frequency, number, or duration, 1n particular embodiments.
Drive signals may be periodic signals driven at a frequency of
at least about 100 kilohertz, 1n particular embodiments. The
sense unit may sense charge, voltage, current, or another other
suitable electrical signal at the capacitive nodes of touch
sensor 100 and provide measurement signals to the processor
unit representing capacitances at the capacitive nodes. Pro-
cessing may be performed on the sensed signals to determine
any suitable characteristic of the signals, such as spectral
frequencies of the signals, signal amplitude, etc, 1n particular
embodiments. The processor unit may control the supply of
drive signals to the drive electrodes by the drive unit and
process measurement signals from the sense unit to detect and
process the presence and location of a touch or proximity
input within the touch-sensitive area(s) of touch sensor 100.
The processor unit may also track changes 1n the position of
a touch or proximity imput within the touch-sensitive area(s)
of touch sensor 100. The storage unit may store programming
for execution by the processor unit, including programming
for controlling the drive unit to supply drive signals to the
drive electrodes, programming for processing measurement
signals from the sense unit, and other suitable programming,
where appropriate. Although this disclosure describes a par-
ticular touch-sensor controller having a particular implemen-
tation with particular components, this disclosure contem-
plates any suitable touch-sensor controller having any
suitable implementation with any suitable components.
Tracks 104 of conductive material disposed on the sub-
strate of touch sensor 100 may couple the drive or sense
clectrodes of touch sensor 100 to connection pads 106, also
disposed on the substrate of touch sensor 100. As described
below, connection pads 106 facilitate coupling of tracks 104
to touch-sensor controller 102. Tracks 104 may extend 1nto or
around (e.g. at the edges of) the touch-sensitive area(s) of
touch sensor 100. Particular tracks 104 may provide drive
connections for coupling touch-sensor controller 102 to drive
clectrodes of touch sensor 100, through which the drive unit
of touch-sensor controller 102 may supply drive signals to the
drive electrodes. Other tracks 104 may provide sense connec-
tions for coupling touch-sensor controller 102 to sense elec-
trodes of touch sensor 100, through which the sense unit of
touch-sensor controller 102 may sense charge at the capaci-
tive nodes of touch sensor 100. Tracks 104 may be made of
fine lines of metal or other conductive material. As an
example, the conductive material of tracks 104 may be copper
or copper-based and have a width of approximately 100 um or
less. As another example, the conductive material of tracks
104 may be silver or silver-based and have a width of approxi-
mately 100 um or less. In particular embodiments, tracks 104
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may be made of ITO 1n whole or in part in addition or as an
alternative to fine lines of metal or other conductive matenal.
Although this disclosure describes particular tracks made of
particular materials with particular widths, this disclosure
contemplates any suitable tracks made of any suitable mate-
rials with any suitable widths. In addition to tracks 104, touch
sensor 100 may include one or more ground lines terminating,
at a ground connector (which may be a connectionpad 106) at
an edge of the substrate of touch sensor 100 (similar to tracks
104).

Connection pads 106 may be located along one or more
edges of the substrate, outside the touch-sensitive area(s) of
touch sensor 100. As described above, touch-sensor control-
ler 102 may be on an FPC. Connection pads 106 may be made
of the same material as tracks 104 and may be bonded to the
FPC using an anisotropic conductive film (ACF). Connection
108 may include conductive lines on the FPC coupling touch-
sensor controller 102 to connection pads 106, 1n turn coupling
touch-sensor controller 102 to tracks 104 and to the drive or
sense electrodes of touch sensor 100. In another embodiment,
connection pads 106 may be connected to an electro-me-
chanical connector (such as a zero insertion force wire-to-
board connector); in this embodiment, connection 108 may
not need to mclude an FPC. This disclosure contemplates any
suitable connection 108 between touch-sensor controller 102
and touch sensor 100.

FIG. 2 illustrates an example stylus 200. Stylus 200 may
have any suitable dimensions with an outer body made of any
suitable material or combination of materials, such as, for
example and without limitation, plastic or metal. Stylus 200
may include one or more tips 206 that have any suitable
dimensions, such a diameter of about 2 mm or less at its
terminal end. Tips 206 may be made of any suitable material,
such as metal. Stylus 200 may include one or more resonant
circuits. Stylus 200 may include any suitable number or type
of resonant circuits, such as a crystal oscillator, a sawtooth
filter, an LC circuit, and RLC circuit, or any other suitable
kind or type. Stylus 200 may include more than one type of
resonant, 1n particular embodiments. While example resonant
circuit 202 illustrates an L.C resonant circuit, this disclosure
contemplates any suitable resonant circuit as providing the
functionality of resonant circuit 202 described herein. A reso-
nant circuit 202 may include any other suitable electrical
component, such as one or more resistors or operational
amplifiers. Other resonant circuits may have other electrical
components, such as piezoelectric crystals or saw-tooth filters
as described above. One or more electrical components 1n any
one resonant circuit may have diflerent or the same properties
than corresponding electrical components in any other reso-
nant circuit, 1n particular embodiments. For example, for two
or more LC resonant circuits, the capacitance of capacitor C1
of resonant circuit 202A may be different than the capaci-
tance ol capacitor C2 of resonant circuit 202B. Q factors,
which depend on the properties of a resonant circuit’s elec-
trical components, are often used to describe the frequency
response of a resonant circuit to an mput. A resonant circuit
202 may have a different Q factor than another resonant
circuit 202, in particular embodiments. The properties of any
clectrical component 1n any of resonant circuits 202 may be
variable, 1n particular embodiments. As a result, the Q factor
of any resonant circuit 202 may also be variable. For example,
in LC resonant circuits the capacitance of capacitor C1, C2, or
both may be varied by mechanical control, electronic control,
or digital tuning. Likewise, the inductance of inductor L1 or
the resistance of a resistor 1n a resonant circuit 202 may also
be varied. As another example, mechanical control, electrical
control, or digital tuming may be used to select among differ-
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ent crystal oscillators or saw-tooth filters 1n a resonant circuit,
thus affecting a change 1n the response of the resonant circuit.
As another example, a resonant circuit containing a crystal
oscillator may be tuned by altering the circuit capacitance or
by deforming a crystal in the circuit, for example by applying
mechanical pressure to the crystal. Stylus 200 may include
one or more interactive elements 204 on its surface through
which a user of stylus 200 may adjust the properties of one or
more electronic components of a resonant circuit 202. Inter-
active elements 204 may be buttons, sliders, knobs, or any
other suitable component, and the status of such elements
correspond to a particular Q factor or particular characteristic
of an electronic component. While this disclosure describes
specific methods of altering specific properties of specific
clectronic components 1n a specific type of resonant circuit in
a stylus, this disclosure contemplates that any suitable
method for varying any suitable property of any suitable
clectronic components of any suitable resonant circuit.

Stylus 200 may include a controller 208, memory 210, or
power source 212, 1in particular embodiments. Controller 208
may be a microcontroller or any other type of processor
suitable for controlling the operation of stylus 200. Controller
208 may be one or more ICs—such as, for example, general-
purpose microprocessors, microcontrollers, PLDs, PLAs, or
ASICs. Controller 208 may 1nclude a processor unit, a drive
unit, a sense unit, and a storage unit. The drive unit may
supply signals to electrodes of tip 26 through center shait 41.
The drive unit may also supply signals to control or drive
sensors or one or more external components of stylus 200.
The sense unit may sense signals received by the stylus and
provide measurement signals to the processor unit represent-
ing input from a device. The sense unit may also sense signals
generated by sensors on or in the stylus or by or one or more
external components and provide measurement signals to the
processor unit representing input from a user. The processor
unit may control the supply of signals to the electrodes of tip
26 and process measurement signals from the sense unit to
detect and process mput from the device. The storage unit
may store programming for execution by the processor unit,
including programming for controlling the drive unit to sup-
ply signals to the electrodes of tip 26, programming for pro-
cessing measurement signals from the sense unit correspond-
ing to input from the device, programming for processing
measurement signals from sensors or external components to
initiate a predetermined function or gesture to be performed
by stylus 200 or the device, and other suitable programming,
where appropriate. As an example, programming executed by
controller 208 may electronically filter signals recerved from
the sense unit. Memory 210 may implement software or
embody logic for processing, sending, or receiving signals
from other components of stylus 200, such as controller 208,
in particular embodiments. Memory 210 may be any suitable
type of volatile or non-volatile memory. Although this disclo-
sure describes a particular controller 208 having a particular
implementation with particular components, this disclosure
contemplates any suitable controller having any suitable
implementation with any suitable components.

Power source 212 may be any type of stored-energy source,
including electrical or chemical-energy sources, suitable for
powering the operation of stylus 200. Power source 212 may
be charged by energy from a user or device, 1n particular
embodiments. As an example, power source 212 may be a
rechargeable battery that may be charged by motion induced
on stylus 200. Power source 212 of stylus 200 may provide
power to or recerve power from the device. As an example,
power may be inductively transferred between power source
212 and a power source of a device.
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Regardless or whether stylus 200 1s powered or passive,
one or more resonant circuits 202 may communicate with a
touch sensor of a device. One or more portions of the touch
sensor may capacitively couple to at least one resonant circuit
202 to transmit signals from the touch sensor to at least one
resonant circuit 202, transmit signals from at least one reso-
nant circuit 202 to the touch sensor, or both. The response of
resonant circuit 202 to signals recerved from a touch sensor
will depend on characteristics of the received signal and the
characteristics of one or more electrical components 1n reso-
nant circuit 202. Because the response of resonant circuit 202
1s unique to these parameters, the response may be used to
implement one or more functionalities relating to stylus 200,
a device, or both. Descriptions of the types of functionalities
the response of resonant circuit 200 due to capacitive cou-
pling between a touch sensor and resonant circuit 200 pro-
vides 1s described more fully herein.

FIG. 3 1llustrates an example stylus 200 with an example
device 300. Device 300 may have a display and atouch sensor
with a touch-sensitive area 302. Device 300 display may be a
liquid crystal display (LCD), a LED display, a LED-backlight
LCD, or other suitable display and may be visible though a
cover panel and substrate (and the drive and sense electrodes
of the touch sensor disposed on it) of device 300. Although
this disclosure describes a particular device display and par-
ticular display types, this disclosure contemplates any suit-
able device display and any suitable display types.

Device 300 electronics may provide the functionality of
device 300. As example, device 300 electronics may include
circuitry or other electronics for wireless communication to
or from device 300, execute programming on device 300,
generating graphical or other user interfaces (Uls) for device
300 display to display to a user, managing power to device
300 from a battery or other power source, taking still pictures,
recording video, other suitable functionality, or any suitable
combination of these. Although this disclosure describes par-
ticular device electronics providing particular functionality
ol a particular device, this disclosure contemplates any suit-
able device electronics providing any suitable functionality of
any suitable device.

Stylus 200 may interact or communicate with device 300
when stylus 200 1s brought in contact with or in proximity to
touch-sensitive area 302 of the touch sensor of device 300.
Interaction between stylus 200 and device 300 may be capaci-
tive or inductive. As an example, when stylus 200 1s brought
in contact with or in the proximity of touch-sensitive area 302
of device 300, a change 1n capacitance may occur 1n one or
more capacitive nodes of the touch sensor of device 300 or
vice versa. As another example, elements 1n the stylus and
clements of the touch sensor of the device may capacitively
couple to each other, providing for transmission of signals
between the stylus and the touch sensor of the device. For
example, one or more resonant circuits 1n the stylus may
capacitively couple to one or more elements of the device’s
touch sensor, such as drive lines, sense lines, or both. As
another example, a radio frequency 1dentification chip in the
stylus may capacitively couple to elements of the device’s
touch sensor.

FIG. 4 1llustrates an example method for transmitting sig-
nals between a stylus and the touch sensor of a device. The
method may start at step 400, where one or more {irst signals
are generated by a touch sensor of a device. For example, the
touch sensor may periodically probe capacitive nodes of a
device by transmitting one or more first signals to drive lines
in the touch sensor. The first signals may be of any suitable
number, take any suitable form, be of any suitable frequency,
or last for any suitable duration.
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At step 402, the touch sensor of the device transmits one or
more first signals to one or more resonant circuits in the stylus
by capacitive coupling between the touch sensor and the one
or more resonant circuits. For each resonant circuit, the
response generated by the resonant circuit to a first signal will
depend on the characteristics of the first signal and of the
resonant circuit. For example, the amplitude of the response
in a resonant circuit may depend on the amplitude of the first
signal, the frequency of the first signal, the duration of the first
signal, the wavetorm of the first signal (such as, for example,
a sine wave, square wave, sawtooth wave, or any other suit-
able wavelorm), or any other suitable attribute of the first
signal. The response of the resonant circuit also depends on
the attributes of the resonant circuit, such as the characteris-
tics of individual electrical components in the resonant circuit
or the Q factor of the resonant circuit. The response of a
resonant circuit to a first signal may be processed by a stylus’s
controller, memory, or any other suitable logic 1n the stylus, 1n
particular embodiments. As an example, signals generated by
a resonant circuit in response to one or more {irst signals may
be processed belfore they are sent to a radio frequency 1den-
tification chip in the stylus. For example, processors or other
suitable logic 1n the stylus may determine from one or more
resonant circuits’ response an appropriate radio frequency
identification chip to send a signal to. As another example,
signals generated by a resonant circuit in response to one or
more first signals may be processed to implement some func-
tionality of the stylus or determine some information about
the stylus. This disclosure contemplates any suitable type of
processing performed on signals generated by a response of
one or more resonant circuits 1n a stylus to one or more {first
signals generated by a touch sensor of a device and transmit-
ted to the one or more resonant circuits by capacitive coupling,
between the resonant circuits and the touch sensor of the
device.

At step 404 A the stylus capacitively couples to an element
of the touch sensor and transmits from the stylus to the touch
sensor one or more second signals. The second signals are
based at least on one of the first signals receirved by the stylus
and at least one of the resonant circuits. A resonant circuit
receiving a first signal capacitively couples with the touch
sensor to transmit a second signal to the device, 1n particular
embodiments. For example, the second signal may be all or a
portion of signals generated by the response of the resonant
circuit to the first signals recerved by the resonant circuit. A
radio frequency 1dentification chip in the stylus capacitively
couples with a touch sensor to transmit a second signal to a
device, 1n particular embodiments. For example, the second
signal may be a unique or 1dentitying signal associated with
memory contents or electronic configuration of the radio
frequency 1dentification chip. The element of the touch sensor
capacitively coupling to the stylus and receiving the second
signal may be different than the element of the touch sensor
transmitting a first signal to the stylus, 1n particular embodi-
ments. For example, a touch sensor may transmit a first signal
to aresonant circuit by a drive line and then receive the second
signal on one or more sense lines of the touch sensor. The
touch sensor may transmit one or more first signals at prede-
termined first intervals and sense received one or more second
signals at predetermined second intervals, in particular
embodiments. An element of the touch sensor transmitting a
first signal may be the same as an element recerving the
second signal, 1n particular embodiments.

In addition or the alternative, at step 404B the touch sensor
detects a change 1n the first signal resulting from transmission
of the first signal from the touch sensor to the stylus by
capacitive coupling of the touch sensor to one or more reso-
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nant circuits in the stylus. The interaction of the first signal
with the one or more resonant circuits in the stylus results in
a change 1n the first signal at the touch sensor due to the
exchange of energy 1n the first signal with the resonant circuat.
The change of the first signal depends on the characteristics of
the first signal, such as its frequency or wavetform, and the
characteristics of the resonant circuit 1n the stylus. A rela-
tively stronger resonant circuit response to the first signal
results 1n a relatively greater change in the first signal.
Changes 1n the first signal may be detected by any suitable
method. For example, the touch sensor may detect a decrease
in voltage of the first signal, a decrease 1n apparent impedance
in a conductive element transmitting the first signal, an
increase in the powered required to maintain the first signal at
a constant voltage, or any other suitable method.

At step 406, the touch sensor or controller (which are used
interchangeably below, as appropriate) associated with the
touch sensor processes the recerved or detected signals (or
both) to determine some functionality or information, at
which point the method may end. The touch sensor may
access memory to compare one or more characteristics of the
received or detected signals to one or more corresponding
characteristics stored 1 memory. Characteristics of a
received or detected signal may identily a stylus, as the
received signal will depend on the characteristics of any reso-
nant circuit and/or radio frequency i1dentification chip trans-
mitting the signal, and the detected signal will depend on the
characteristics of any resonant circuit recerving the first sig-
nal. A received or detected signal may 1dentify or authenticate
a user of a stylus or indicate some functionality that a user
wishes the stylus or device to perform, 1n particular embodi-
ments. For example, interactive elements or other tuming
mechanisms may allow a user to vary the response (for
example, by varying the Q factor) of a resonant circuit to a
first signal, which may vary the signal recerved or detected by
the touch sensor. The touch sensor may then process the
signal to determine the settings corresponding to the configu-
ration of one or more resonant circuits in the stylus. For
example, a user may depress a button or adjust a slider or knob
to change how the stylus provides output (for example by
changing the typesetting) to a touch-sensitive display. As
another example, depressing a button and contacting a dis-
play with the stylus may result in different functionality than
simply contacting the display with the stylus, for example by
simulating right-click and left-click actions performed with a
mouse on a desktop computer.

A touch sensor may determine the orientation of a stylus
based on the characteristics of recerved or detected signals, 1n
particular embodiments. For example, a stylus may have a
first resonant circuit in one end and a second resonant circuit
in the opposite end. The response of the second circuit may be
different than the response of the first second, allowing the
touch sensor to determine which end of the stylus 1s 1n the
proximity of the touch sensor. For example, a user may write
on a touch-sensitive display with one end of the stylus and
crase with the other. Likewise, the touch sensor may detect
the angle of a stylus relative to the touch sensor or the distance
ol the stylus from the touch sensor by characteristics of one or
more recerved or detected signals.

The touch sensor may differentiate between the presence of
a stylus and another object by the characteristics of the one or
more recerved or detected signals, 1n particular embodiments.
For example, the touch sensor may differentiate between a
stylus touch and contact by a user’s finger or palm due to
signal characteristics known by the touch sensor to be unique
to the presence and configuration of a resonant circuit or radio
frequency 1dentification chip 1n the stylus. While this disclo-
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sure describes specific examples of the types of functionality
implemented or information determined by a touch sensor
processing a signal recerved by capacitive coupling with one
or more resonant circuits or radio frequency identification
chips or detecting a change 1n a first signal due to capacitive
coupling between the touch sensor and the stylus, this disclo-
sure contemplates any suitable functionality implemented or
information determined by a touch sensor processing a signal
received by capacitive coupling with one or more resonant
circuits or radio frequency identification chips or detecting a
change 1n a first signal resulting due to coupling between the
touch sensor and the stylus.

Particular embodiments may repeat the steps of the method
of F1G. 4, where appropriate. Moreover, although this disclo-
sure describes and illustrates particular steps of the method of
FIG. 4 as occurring 1n a particular order, this disclosure con-
templates any suitable steps ol the method o1 FI1G. 4 occurring,
in any suitable order. Furthermore, although this disclosure
describes and illustrates particular components, devices, or
systems carrying out particular steps of the method of FIG. 4,
this disclosure contemplates any suitable combination of any
suitable components, devices, or systems carrying out any
suitable steps of the method of FIG. 4.

Herein, a computer-readable non-transitory storage
medium or media may include one or more semiconductor-
based or other integrated circuits (ICs) (such, as for example,
field-programmable gate arrays (FPGAs) or application-spe-
cific ICs (ASICs)), hard disk drives (HDDs), hybrid hard
drives (HHDs), optical discs, optical disc drives (ODDs),
magneto-optical discs, magneto-optical drives, floppy dis-
kettes, tloppy disk drives (FDDs), magnetic tapes, solid-state
drives (SSDs), RAM-drives, SECURE DIGITAL cards or

drives, any other suitable computer-readable non-transitory
storage media, or any suitable combination of two or more of
these, where appropriate. A computer-readable non-transi-
tory storage medium may be volatile, non-volatile, or a com-
bination of volatile and non-volatile, where appropriate.

Herein, “or” 1s 1inclusive and not exclusive, unless

expressly indicated otherwise or indicated otherwise by con-
text. Therefore, herein, “A or B” means “A, B, or both,” unless

expressly indicated otherwise or indicated otherwise by con-
text. Moreover, “and” 1s both joint and several, unless
expressly indicated otherwise or indicated otherwise by con-
text. Therefore, herein, “A and B” means “A and B, jointly or
severally,” unless expressly indicated otherwise or indicated
otherwise by context.

This disclosure encompasses all changes, substitutions,
variations, alterations, and modifications to the example
embodiments herein that a person having ordinary skill in the
art would comprehend. Moreover, although this disclosure
describes and 1llustrates respective embodiments herein as
including particular components, elements, functions, opera-
tions, or steps, any of these embodiments may include any
combination or permutation of any of the components, ele-
ments, functions, operations, or steps described or 1llustrated
anywhere herein that a person having ordinary skill 1n the art
would comprehend. Furthermore, reference 1n the appended
claims to an apparatus or system or a component of an appa-
ratus or system being adapted to, arranged to, capable of,
coniigured to, enabled to, operable to, or operative to perform
a particular function encompasses that apparatus, system,
component, whether or not it or that particular function 1s
activated, turned on, or unlocked, as long as that apparatus,
system, or component 1s so adapted, arranged, capable, con-
figured, enabled, operable, or operative.
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What 1s claimed 1s:

1. A stylus comprising:

a first resonant circuit disposed 1n or near a tip of the stylus,
the first resonant circuit operable to receive, by capaci-
tive coupling between a conductive element of a touch
sensor and the first resonant circuit, a first signal from
the touch sensor of a device; and

a second resonant circuit disposed 1n or near an end of the
stylus opposite the tip, the second resonant circuit oper-

able to recerve, by capacitive coupling between the con-

ductive element of the touch sensor and the second reso-

nant circuit, a third signal from the touch sensor of a

device; wherein the stylus 1s operable to:

transmit, by capacitive coupling between the stylus and

the touch sensor of the device, a second signal from

the stylus to the touch sensor of the device, the second
signal based on the first signal and the first resonant
circuit or;

transmit, by capacitive coupling between the stylus and

the touch sensor of the device, a fourth signal from the
stylus to the touch sensor of the device, the fourth
signal based on the third signal and the second reso-
nant circuit, wherein the second signal corresponds to
a first user-configurable functionality of the device
and the fourth signal corresponds to a second user-
configurable functionality of the device that 1s ditter-
ent than the first user-configurable functionality.

2. The stylus of claim 1, further comprising at least one
interactive element operable to alter an electrical property of
the first or second resonant circuits.

3. The stylus of claim 2, wherein the electrical property
comprises one or more of:

a capacitance of a capacitor in the first or second resonant

circuit;

an 1nductance of an inductor 1n the first or second resonant

circuit;

a resistance ol a resistor 1n the first or second resonant

circuit;

an electrical connection between a crystal oscillator and

the first or second resonant circuit; and

an electrical connection between a saw-tooth filter and the

first or second resonant circuit.

4. The stylus of claim 1, wherein one or both of:

the stylus 1s operable to transmit the second signal to the

touch sensor by capacitive coupling between the first
resonant circuit and the touch sensor; or

the stylus 1s operable to transmit the fourth signal to the

touch sensor by capacitive coupling between the second
resonant circuit and the touch sensor.

5. The stylus of claim 1, wherein the stylus 1s operable to
transmit one or both of the second signal and the fourth signal
to the touch sensor by capacitive coupling between a radio
frequency element of the stylus and the touch sensor.

6. The stylus of claim 1, wherein the {irst resonant circuit
has a different QQ factor than the second resonant circuit.

7. The stylus of claim 1, wherein the first resonant circuit
has a different resonant frequency than the second resonant
circuit.

8. The stylus of claim 1, wherein one or both of the first
signal and the third signal comprises a periodic signal with a
frequency of at least 100 kilohertz.

9. A method comprising:

receving, by at least one resonant circuit in a stylus, by

capacitive coupling between a conductive element of a
touch sensor and the resonant circuit, a signal from the
touch sensor of a device; and
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transmitting, by capacitive coupling between the stylus and

the touch sensor of the device, a second signal from the

stylus to the device, wherein the stylus comprises:
a first resonant circuit disposed 1n or near a tip of the
stylus, the first resonant circuit operable to receive, by
capacitive coupling between a conductive element of
a touch sensor and the first resonant circuit, the signal
from the touch sensor of a device; and
a second resonant circuit disposed 1n or near an end of
the stylus opposite the tip, the second resonant circuit
operable to recerve, by capacitive coupling between a
conductive element of the touch sensor and the second
resonant circuit, the signal from the touch sensor of a
device, wherein:
the second signal 1s based on the first signal and the
first resonant circuit, the second signal correspond-
ing to a first user-configurable functionality of the
device; or

the second signal 1s based on the first signal and the
second resonant circuit, the second signal corre-
sponding to a second user-configurable functional-
ity of the device that 1s different than the first user-
configurable functionality.

10. The method of claim 9, wherein the first resonant
circuit has a different Q factor than the second resonant cir-
cuit.

11. An apparatus comprising:

a touch sensor comprising:

at least one first conductive element operable to transmat
by capacitive coupling, between the at least one first
conductive element and a first or second resonant
circuit 1n a stylus, a first signal to the first or second
resonant circuit, the first resonant circuit 1n or near a
tip of the stylus and the second resonant circuit 1n or
near an end of the stylus opposite the tip;

at least one second conductive element operable to
detect a second signal based on the first signal and the
first or second resonant circuit;

one or more non-transitory computer-readable storage

media comprising instructions; and

one or more processors coupled to the media and operable

to execute the instructions to:

process the recerved second signal to determine whether
the tip of the stylus or the end of the stylus opposite the
tip 1s near the touch sensor;

when the tip of the stylus 1s determined to be near the
touch sensor, determine a first user-configurable func-
tionality of the device; and

when the end of the stylus opposite the tip 1s determined
to be near the touch sensor, determine a second user-
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configurable functionality of the device that 1s ditter-
ent than the first user-configurable functionality.
12. The apparatus of claim 11, wherein at least one of the at
least one first conductive element 1s at least one of the at least
one second conductive element.

13. The apparatus of claim 11, wherein the at least one
second conductive element operable to detect a second signal
turther comprises the at least one second conductive element
further operable to recetve, by capacitive coupling between
the second conductive element and the stylus, the second
signal based on the first signal and the first or second resonant
circuit.

14. The apparatus of claim 13, wherein the at least one
second conductive element 1s further operable to recerve, by
capacitive coupling between the second conductive element
and the first or second resonant circuit, the second signal
based on the first signal and the first or second resonant
circuit.

15. The apparatus of claim 13, wherein the at least one
second conductive element 1s further operable to recerve, by
capacitive coupling between the second conductive element
and at least one radio frequency identification element of the
stylus, the second signal based on the first signal and the first
or second resonant circuit.

16. The apparatus of claim 11, wherein the second signal
comprises the first signal as modified by the capacitive cou-
pling between the at least one first conductive element and the
first or second resonant circuit.

17. The apparatus of claim 11, wherein the stylus further
comprises at least one interactive element operable to alter an
clectrical property of the first or second resonant circuit.

18. The apparatus of claim 17, wherein the electrical prop-
erty comprises one or more of:

a capacitance of a capacitor in the first or second resonant

circuit;

an 1nductance of an inductor 1n the first or second resonant

circuit;

a resistance ol a resistor 1n the first or second resonant

circuit;

an electrical connection between a crystal oscillator and

the first or second resonant circuit; and

an electrical connection between a saw-tooth filter and the

first or second resonant circuit.

19. The apparatus of claim 11, wherein the first resonant
circuit has a different ) factor than the second resonant cir-
cuit.

20. The apparatus of claim 11, wherein the at least one first

signal comprises a periodic signal with a frequency of at least
100 kilohertz.
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